In this study, we investigate the relationships among R&D, patent arrangements, and financial performances for the firms listed on the Taiwan Stock Exchange (TWSE). In particular, we apply Vector
Introduction
In recent years, corporations attach importance to creativity more because human being is into the "creative economy" era from labour-intensive industrial age. Howkins (2001) points out that the creative economy should protect products developed by firms through the intellectual property rights. Furthermore, Edvinsson (1997) indicates that successful firms require knowledge and organizing ability to have industrial competitiveness or produce intellectual property rights. Thus, the input of research and development (R&D) and output of intellectual property is a key factor to enhance the value of firms and create competitive advantages.
In addition to new products and new technology, intellectual property rights are also significant to evaluate corporations' outputs. In particular, patents may also demonstrate the ability on R&D and development of innovation. In 2012, Taiwanese corporations have 23, 349, 20, 270, 2, 983 , 2,082 new patents in China, the U.S., Japan, and Europe, respectively. However, the number of new patents Taiwanese corporations is decreasing in the U.S., Japan, and Europe. Therefore, it shows that Taiwanese corporations are facing challenges on innovation and R&D capabilities under the competition of foreign corporations. Thus, Taiwanese firms have to strengthen the ability to research on new patens, and pay more attention on patent arrangement in overseas markets to create competitive advantages because patent is a way to protect intellectual property rights in law (Bessler and Bittelmeyer, 2008) . Furthermore, Griliches (1981) and Bloom and Reenen (2002) suggest that it always increases opportunities to profit for corporations to develop new innovative products or manufacture improvement. Accordingly, it may positively impact a corporation's long-term financial performance, and immediately reflect in its market value.
On the other hand, R&D expenditure should be regarded as investment. However, if corporations fail to obtain patent protection of the achievements from R&D, it may be ineffective for corporations because their competitors may follow such achievements without any restriction. Thus, the relationship between R&D and financial performance is not necessarily positive. Furthermore, we should respectively investigate the In addition, McKelvey (1982) finds that the transformation of technical activities input into output is crucial to survive for a firm. That is, in a dynamic environment, technological innovation plays an important role for a firm to obtain and maintain her competitive advantage, as well as improve her performance. In addition, Toivanen et al. (2002) show that R&D and innovation positive impact the market value for UK's firms. Also, Bharadwaj et al. (1999) document that R&D can improve productivity, and create rapid and effective innovation for high-tech firms.
Furthermore, Madanmohan et al. (2004) show that the improvement of human resources or technology positively influences a firm's value, but R&D lags practical applications. Empirical studies validate such viewpoints. For example, Hirschey and Weygandt (1985) indicate that R&D expenditures lag a firm's payback for 5 to 10 years.
There are some studies investigating the relationship between R&D expenditures and firm value (e.g., Lantz and Sahut, 2005) . However, most studies focus on R&D expenditures and patents, and firm value is divided as the sum of tangible and intangible assets. In particular, literature uses Tobin's Q (Tobin, 1978) , namely the ratio of market capitalization value to net book value, to explain the relationship between R&D and market value. However, Wernerfelt and Montgomery (1988) document that the imbalance of Tobin's Q may be due to offbalance sheet items (e.g., retirement provisions) or strategies (e.g., monopoly and diversification). Therefore, some papers indicate it in doubt to use Tobin's Q as the measure of intangible (e.g., Griliches, 1981; Cockburn and Griliches, 1988; Megna and Klock, 1993; Chung and Pruitt, 1996) .
However, many studies still use Tobin's Q as the proxy of intangible expenses because Tobin's Q is highly related to intangible expenses (e.g., Hirschey and Weygandt, 1985; Skinner, 1993; Agrawal and Knoeber, 1996) . These studies indicate that the relationship between R&D expenditures and market value of a firm is significantly positive. In addition, Pakes (1985) find that R&D expenditures and number of patents positively influence firms' value. Using the data of the U.S. listed firms, Sougiannis (1994) shows that the net income of a firm will rise by two dollars when R&D expenses increase for one dollar, and the lag time is over more than seven years, representing an average annual rate of 26% and one dollar spent in R&D increases a firm's market value by nearly three dollars. On the other hand, Sundaram et al. (1996) have the opposite conclusions. They find that the relationship between R&D expenditures and stock prices is not significantly positive because the reaction of stock prices depends on the level of competition in industry, i.e., increasing R&D expenditures pushes stock prices in less competitive industries, but decreasing R&D expenditures makes stock prices to fall in competitive industries. Schmookler (1966) first uses statistics of patent as a proxy for innovation activities. Furthermore, Ernst (1995) further analyse patents in various levels, including country, industry, and technology. Ashton and Sen (1989) point out that patents provide unique information to manage enterprise resource or product, and patents can systematically evaluate the relative competitive position in a regional market. Griliches (1998) empirically explore the relationship between R&D expenditures and patent activity, and he finds a positive relationship between them. In addition, Narin and Noma (1987) show that the relationship between technical competitiveness is positive, but the relationship between patents and financial performance is insignificant. Furthermore, Griliches et al. (1991) discuss how patents influence market capitalization through the sample including 340 firms, and conclude that only patents contribute only a small part in market value changes. Edvinsson and Malone (1997) indicate that intellectual property arising from R&D should be properly understood and managed to reflect in financial performance. In particular, patents are intellectual property rights and regarded as an output of R&D. Furthermore, Lilien and Yoon (1989) show that firms will be able to effectively innovate and improve their extant products if they have more patents. Crepon et al. (1998) find that the relationships among R&D expenditures, firm size, market share and needs of technology are significant.
In addition, Hall and Bagchi-Sen (2002) propose that patents from R&D have a positive impact on productivity, and thus relate to financial performance, and R&D activities and the number of patents can firmly ensure a firm's performance (Beneito, 2006) . Therefore, innovation promotes long-term competitive advantage of a firm, and patents will eventually react to financial performance. While there is extensive literature that uses patents to measure technology level on national or regional, or use patents to measure individual firm's technology, Neuhäusler et al. (2011) point out that studies on patents and financial performance are still rare.
Using the patents and related citations during 1963 , Hall et al. (2005 find that market value, patents, as well as patent citations show a positive relationship. Chen and Chang (2010) also document that the relationships among patents, patent citations, and market value are positive in pharmaceutical industry. In addition, Levitas and Chi (2010) uses the concept of real options to analyse the effects of patents and capital investment of technology on opportunities to create value in the future.
Moreover, Ben-Zion (1978) documents different views on R&D expenses, which are treated as current expenses in accounting, because most of the R&D expenditures have future benefits, and thus have deferred impact on financial performance. Thus, R&D expenditures should be recognized capital expenditures, at least part them, to reflect the deferred benefits. Furthermore, Hirschey and Weygandt (1985) indicate that R&D expenditures should be capitalized to be amortized over years because R&D expenditures are positively related to firms' value, and R&D expenditures continue the impact for 5 to 10 years.
Data and methodology
This study will investigate firms listed on the Taiwan Stock Exchange (TWSE). The studying period covers from 2001 through 2012, a total of twelve years. The data on financial performance of listed firms are obtained from Taiwan Economic Journal (TEJ). The patent information and patent approved data will be taken from the patent search systems of the Taiwan Intellectual Property Office (TIPO), State Intellectual Property Office of the P.R.C. (SIPO), and the United States Patent and Trademark Office (USPTO).
In order to capture the delay of the effect of R&D expenditures, number of patents, and financial performance, we employ the Vector Auto Regression (VAR) models. VAR models take into account the time lapse among R&D expenditures, number of patents, and financial performance by including their lag terms and relaxing the assumption on the choice of lag terms of the variables. Also, the models relax any assumptions on the causal directions among R&D expenditures, number of patents, and financial performance. Instead of assuming any variable functions as cause or effect, VAR models provide ex post causal information by tracing the interaction among the variables. Moreover, we control for the industry-specific effect in VAR according to the industry category by TWSE. Specifically, for each industry category, we have nine VAR models: where RD t is the ratio of R&D expenditures to sales in year t, PT t is number of patents obtained in Taiwan, China, and the U.S. (i.e., TW, CN, and US, respectively), in year t, FP t is financial performance (i.e., ROA, ROE, and EPS, respectively) in year t, B t is the business cycle index, and m is the maximum number of lag terms of each variable, and ε is supposed to be a white noise. The business cycle index is included as control variables because many studies emphasize the impact of business cycles on the firms' operations and financial performance. For example, Horrigan (1965) proposes that financial ratios are related to business cycles, and Richardson et al. (1998) document that many financial ratios are significantly different during the period of economic recession. VAR relaxes the restraints that are usually exerted on the relationship among R&D expenditures, number of patents, and financial performance. VAR makes no assumptions on which lag terms or how many lag terms needed to include in the model. In practice, we use Akaike Information Criteria (AIC) to judge how many lag terms should be most reliable and maximum amount of information out of the data. In particular, we
(1) will obtain nine models for Taiwan, China, and U.S., enabling us to better understand how different patent arrangements in these countries affect financial performance.
Empirical analysis
In this study, we delete the firms which spend no R&D expenditure or/and have no patents in Taiwan, China, or China during the sample period, and the sample covers 73 firms after the deletion.
In Table 1 , we present the summary statistics for patents and financial performances, respectively. In general, most firms have more patents in Taiwan, and only the firms in the semiconductor industry have more patents in the U.S. than Taiwan (i.e., mean of US=658.80 and mean of TW=624.10). Furthermore, as panel A of Table 1 presents, on average the firms in the semiconductor, optoelectronic and other electronics industries have more patents in Taiwan, China, and the U.S. on the other hand, the firms in semiconductor, communications and internet, and other electronics industries spend more on R&D, but the firms in computer and peripheral equipment, communications and internet, and other electronics have relatively better financial performances. Thus, the results of Table 1 indicate the differences in number of patents, finance performances, and R&D expenditure for different industries, implying that we should discuss the relationship among R&D expenditure, patents, and financial performances by industry types.
After examining the summary statistics, we use the unit root test to determine whether the variables are stationary. As the results of panel A in Table 2 shows, all the statistics are insignificant in the ADF tests, indicating the variables are non-stationary. Thus, we take first-order difference for the variables, and do the ADF tests again for the differenced variables. Panel B of Table 2 presents the results of the tests. It shows that the statistics are highly significant at the 1% level, indicating that the variables are stationary after the first-order difference.
Since the unit root tests show that the variables are non-stationary and stationary after the first-order difference, it is I (1). We further take Johansen (1988) cointegration tests to explore whether the long-term equilibrium exists among patent, R&D expense, and finance performance.
In order to determine whether there are cointegration relationships among number of patents, R&D expense, and financial performance, we perform the Johansen (1988) cointegration test, and the results are reported in Table 3 . Both the maximum eigenvalue and the trace statistics indicate that there is no cointegration vector because we do reject the null hypothesis for r≦0 in λ trace , and we neither do not the null hypothesis for r＝0 in λ max , at the 1% significance level.
Since the variables are stationary after first order difference, and the there is no co-integration relationships among differenced variables, we apply VAR to analyse the relationships among R&D expenditure, number of patents, and financial performance for the seven electronic industry types.
In general, the financial performance of firms in electronic industries are positively related to the business cycle index as evidenced by the estimated coefficient of B t being positively significant (e.g., model I for semiconductor, computer and peripheral equipment, optoelectronic, electronic parts and components, and other electronic). However, financial performances of firms in some industries are less influenced by the business cycle index (e.g., models I~IX for communications and internet and electronic products distribution).
Furthermore, the empirical results demonstrate that R&D expenditures have mixed effects on financial performances. For other electronic industry, the effect is positive as evidenced by the estimated coefficient of RD t-1 being significant at the 5% level in models I, II, III, VI, VII, VIII, and IX, consistent with Toivanen et al. (2002) and Bharadwaj et al. (1999) . On the other hand, the effects are insignificant for most industry types, consistent with Sundaram et al. (1996) . Interestingly, such effects are even negative for semiconductor and optoelectronic industries (i.e., models II, IV, V, VII and VIII for semiconductor and models I, II, and IX for optoelectronic), which are the two potential electronic industries Taiwanese government focused on 1 these years, indicating the collapse of many firms in the two industries. However, the empirical results indicate that number of Taiwanese patents lead to better financial performances (i.e., models I, II, and III for semiconductor and models I and III for optoelectronic). Thus, it shows the importance of developing the own core technology in the form of patents. In particular, during the past two decades, all Taiwanese Dynamic Random Access Memory (DRAM) firms bought ready-made technology and core patents to produce DRAM chips. Without their own proprietary technology, Taiwanese DRAM manufacturers have to spend a lot of money to look for new technology licensing once the economy worsening and their technology source having problems. For example, ProMOS, once a highly profitable DRAM manufacturer, has to rely on technology licensing from Germany's Infineon, South Korea's Hynix, and Japan's Elpida, because ProMOS fail to develop her own patents in the DRAM industry.
On the other hand, there are similar effects of R&D expenditures on financial performances in models IV, V, VII and VIII for semiconductor, model IX for optoelectronic, and models IV, V, VII and VIII for other electronic. However, numbers of patents in China and the U.S. (i.e., CN t-1 and US t-1 ) have insignificant impact on financial performances. Since the summary statistics show that most firms have fewer patents in China and the U.S., it is not surprising that CN t-1 and US t-1 have minute econometrical influence. However, it is worth noting that other electronics industry, which has most patents in Taiwan, China, and the U.S. across all industries, is the most profitable, and electronic products distribution industry, which has least patents in Taiwan and the U.S., is the only industry that ROA and ROE are negative on average. In sum, our empirical results indicate that R&D expenditures may differently influence financial performances, i.e., positively (Toivanen et al., 2002; Bharadwaj et al., 1999) or negatively (Sundaram et al., 1996) , because of diversified industry characteristics. More importantly, we document that patent arrangements are significant to firms' financial performances, by controlling the possible effects from R&D expenditures. where y t is the time series, t is the trend , and ε t is the residual.
The null hypothesis for ADF test is H 0 : γ = 0.
2. The number in parentheses denotes the lag length, determined via the Akaike's Information Criterion (AIC).
3. The symbol *** denotes for significance at the 1% level. 
where Πy t-1 is the error correction term. Rank(Π) is to determine the number of cointegration vector in y t .
(1) There is no cointegration vector in y t . if rank(Π)=0.
(2) y t is stationary if rank(Π)=k. λ i is the estimate of eigenvalue, r is the cointegration vector, and T is the number of observations.
2. The symbol ** denotes for significance at the 5% level. 
